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TRUNKED RADIO SYSTEM USING DTTAT, RECETVERt 
ARCHITECTURE TO TMPRQV F. EFFTCTENCY. 
PERFORMANCE AND ACCESS TIMES 



Field Of The Invention 

5 This invention relates to radio communications, and more 

specifically, to techniques for improving efficiency, performance ;and 
access times of trunked radio communications systems. In still maore 
detail, the present invention relates to trunked radio system 
improvements that can be realized by providing radio terminals writh 

10 simultaneous dual channel receive capability. 

Back ground Of The Invention 

State of the art trunked radio communications systems 
typically include at least one RF control channel and one or more ]RP 
working channels. Radio terminals have in the past been treated ass a 
1 5 single channel receiver that is switched between the control channael 
and a working channel as needed. 

In general, the control channel is the source of all system 
information to terminals in the idle state. When a terminal is not 
actively engaged in communications, it monitors the control 
20 signaling the trunked radio system transmits over the control chaninel. 
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The terminals use the control channel for information needed to sest 
up a connection on a separate channel defined as a working chanmel. 

For example, when one or more terminals are to participate i in a 
call, the system temporarily assigns a free RF working channel forr 
5 their use, and sends the terminals a corresponding channel 
assignment command over the system control channel. Upon 
receiving the channel assignment command, the terminal(s) switchl to 
the assigned working channel, and use the working channel for a 
single or multiple transmission communication. Upon completing; 
1 0 the call on the working channel, the terminal(s) return to monitorimg 
the control channel signaling on the control channel. 

In such prior art trunked systems, terminals are unable to 
receive control channel signaling while operating on the working 
channel. Despite this limitation, there is a need to communicate 
1 5 control signaling to terminals while they are actively engaged in 
working channel communications. For example, a "priority scan" 
feature may require a terminal to rapidly switch from one working ; 
channel to another in order to participate in higher priority 
communications. See, for example, commonly assigned U.S. Patemt 
20 No. 4,939,746 to Childress et al. 

To solve this problem, it is known to provide sub-channel 
signaling on the working channel. Such sub-channel signaling is 
used to send trunked system control information to terminals whiles 
they are receiving working channel signaling. The above-referenceed 
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Childress et al. patent describes a technique in which the working 
channel may be provided with a form of (typically) slower rate "suib- 
audible" control signaling capability to allow the system to 
communicate control information to terminals while they are actively 
engaged in receiving voice or data on a working channel. The sub- 
channel signaling may, for example, comprise sub-audible signalling, 
embedded digital signaling such as SAACH/FAACH, etc. 

At least in dispatch-based trunked land mobile radio systemis, 
the working channel sub-channel signaling may be a replication off a 
subset of the information already available on the control channel.. 
For example, working channel sub-channel signaling intended to 
enable "priority scan" may duplicate control channel signaling 
allowing for late entering terminals. The system working channell 
transmitting equipment has a means to insert this control information 
15 on to a working channel carrying desired working channel voice car 
data information - and terminals are provided with means to extract 
the control information from the received working channel signalling. 
The net effect of this existing approach is to distribute the control 
task across all channels. 
20 While trunked radio systems using working channel sub- 

channel signaling have been highly successful, this technique has 
certain drawbacks. For example: 

• Sub-audible signaling on the working channel reduces 
analog signal deviation (and/or signal-to-noise ratio) of tthe 
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analog signal - or effective working channel bit or framee 
rate in a digital system. 

• Because the sub-channel signaling must share the working 
5 channel bandwidth with voice or data, the sub-channel 

signaling is typically transmitted at a relatively slow rate: - 
creating timeliness problems. 

• When it is necessary to transmit higher speed control 
1 o signaling over an assigned working channel (e.g., to 

accomplish timely handoffs), the control signaling can bee 
"bursted" at a higher rate (see Childress et al patent) - buit 
such "bursting" interrupts the normal working channel 
voice or data signaling to cause an undesirable phenomemon 
1 5 sometimes referred to as "audio punch through." 

• It takes time for a terminal to resynchronize upon switchiing 
between the control channel and a working channel; 
techniques such as "loose synchronization" between conttrol 
20 and working channels (see Childress et al patent) can 

minimize resynchronization time at the cost of some 
additional system complexity. 
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• System protocols and associated complexity must 
accommodate redundant control signaling on control andi, 
working channels. 

5 • System control and working channel base station equipmaent 

must be coordinated in complex ways to distribute the 
control task across all channels. 

• System functional blocks must perform mixed functions 
10 ( e .g., some control functions and some voice/data 

communications functions) - further complicating systerm 
design. 

It has long been known to provide dual channel receive 
15 capabilities in non-trunked radio contexts. For example, some prk»r 
art military tunable receiving units included an auxiliary, fixed 
channel (e.g., crystal controlled) "guard channel" receiver that 
constantly monitored a certain fixed frequency for emergency or 
other high priority calls. See also U.S. Patent No. 4,287,599 to 
20 Goncharoff et al, which discloses a single radio unit including 
simultaneously active Citizen's Band and AM broadcast band 
receivers (the user can listen to AM radio knowing that his radio wrill 
route the CB receiver output to the speaker instead of the AM 
broadcast receiver output whenever there is an incoming CB signall). 
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Summary of the Invention 

In contrast to prior trunked radio systems, the present invention 
provides terminal dual channel receive capability to simplify trunkced 
system architecture and improve trunked system efficiency, 

5 performance and access times. 

In accordance with one aspect provided by this invention, a 
trunked radio communications system includes at least one mobile; or 
portable radio that receives control signaling over at least one RF 
control channel and simultaneously receives voice and/or data ovesr at 

1 0 least one temporarily assigned working channel. The radio unit earn 
thus substantially simultaneously receive control signaling over thee 
RF control channel, and voice and/or data over the RF working 
channel. 

In accordance with another aspect provided by this inventiom, 
1 5 system control channel base station equipment transmits at least 

some control signaling to a radio over the RF control channel at thee 
same time that system working channel radio equipment transmits , 
information signals to the same radio over the temporarily assigneed 
RF working channel. 
20 The present invention provides the following advantageous 

features and advantages: 
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• The overall trunked radio system is streamlined and 
simplified by using the advantages of state-of-the-art digital receiwer 
design. 

• Radios have multiple information sources each contributiing 
5 to overall performance in real time. 

• The working channel is simpler and better utilizes its 
spectrum, while the control channel provides data speed control soo as 
to quickly and transparently modify radio activity without added 
control burden on the working channel. 

10 • No longer necessary working channel sub-channel (e.g., ssub- 

audible) signaling can be removed, increasing analog deviation to 
give better system signal-to-noise ratio (or an additional effective Urit 
rate in a digital system since bits are recovered for use by the 
working channel data stream). 

1 5 . Assignment speed for switching to the working channel c:an 

be virtually zero. 

• The effects of synthesizer switching kick can be reduced. 

• System hand-offs can be virtually transparent. 

• Overall system protocols and complexity can be simplified. 
20 • No longer necessary to "punch holes" in audio data strearms 

for messaging. 

• Real time frequency lock on the control channel can 
continue past channel assignment - and improving working channael 
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synchronization making it unnecessary for the working channel tco 
perform control channel synchronization functions. 

• The control channel truly becomes the ultimate system 
control - not just the temporary messenger. 

• System messaging traffic between control channel 
equipment and working channel equipment (e.g., via a backup serrial 

link) is simplified. 

• Response time for many system features (e.g., system alU- 

calls) can be improved. 

• New features (e.g., simultaneous voice and data and/or 
extended data rate) may be feasible even on old analog systems b 3 y 
enabling radio units to receive two working channels simultaneously. 

• Allows a more modular, cost-effective system approach 
whereby functional blocks are more generic and therefore more 

1 5 easily reconfigured and duplicated (e.g., to provide built-in 
redundancy). 

Various techniques can be used to provide radio dual channiel 
simultaneous receive capabilities. For example, the radio can use aa 
digital receiver to simultaneously monitor both the active working 
20 channel and the system control channel. In another example, the 
entire receiver structure can be duplicated to provide separate, 
independent control channel and working channel receivers. In stiill 
another example, a digital receiver of the type described in co- 
pending, commonly-assigned U.S. Patent application serial No. 
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of Wynn et al. Filed May 8, 1997 entitled "Multi-Channell 

Base Station/Terminal Design Covering Complete System Frequency 
Range" (attorney ref. 46-924) (incorporated by reference herein) iis 
used to provide simultaneously control channel and working channnel 

5 receive capability. Using such a full band demodulation technique in 
which two channels are ultimately received provides an added bemefit 
of virtually zero synthesizer switching speed when switching 
between the control channel and an assigned working channel. 

The basic concept provided by this invention of re-thinking; the 

10 terminal architecture has the potential of transforming forever the 
way future trunked radio systems of any kind are designed. 

TtHpf Description Of The Drawings 

These and other features and advantages provided in 
accordance with the present invention may be better and more 
1 5 completely understood by referring to the following detailed 
description of presently preferred example embodiments in 
conjunction with the drawings, of which: 

Figures 1 A^IC show a simplified prior art trunked radio 
communications system; 
20 Figure 2 shows a simplified example trunked radio 

communications system provided in accordance with a presently 
preferred example embodiment of this invention; 
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Figure 3 shows a more detailed simultaneous control channeel 
and working channel receive capability example provided by this 
invention; and 

Figure 4 shows an example dual conversion super-heterodyrne 
5 multiple channel receiver provided by a preferred embodiment of ithis 
invention. 

TWailprt nescrir *™ Of Presently Preferred Example 

F.mhodiments 

Figures 1A-IC show an example simplified prior art trunkecd 
10 radio communications system including base station equipment 100 
and tenninal equipment 12. Base station equipment 10 may 
comprise, for example, a conventional stationary base station 
including plural repeaters 14. Tenninal equipment 12 may^compriise, 
for example, a radio transceiver that communicates wirelessly witfch 
1 5 other terminal equipment and/or land-based services (e.g., telephone 
interconnects) via base station equipment 10. Examples of terminals 
12 include a handheld miniature "handle talkie"; a vehicle-mounteed 
mobile radio transceiver; a cellular phone type radio transceiver; aa 
stationary wireless dispatch transceiver; and a mobile or stationary 

20 wireless data terminal. 

In general, base station equipment 10 wirelessly exchanges 
digital control information with terminal 10, and temporarily assiggns 
a working channel for use by the terminal to wirelessly transmit o»r 
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receive information such as voice or data. Base station equipment* 10 
in this example includes at least one repeater 14(1) for transceivinig 
working channel information, and at least one repeater 14(N) for 
transceiving control channel information. 
5 Control channel repeater 14(N) transmits and receives contrrol 

channel information over a dedicated RF control channel. Workimg 
channel equipment 14(1) transmits and receives working channel 
information over a temporarily assigned RF working channel. In tthis 
example, control channel repeater 14(N) and working channel 
1 0 repeater 14(1) are capable of transmitting their respective signaling 
simultaneously, but terminal 12 is unable to simultaneously receiwe 
the control and working channel information because they are 
transmitted over two different radio frequencies. 

In this example, terminal 12 monitors the control channel 
1 5 signaling transmitted by control channel repeater 14(N) when it is ; 
idle and is not actively engaged in communications. Upon receiviing 
a channel assignment message transmitted over the RF control 
channel (e.g., in response to a request the terminal transmitted ovesr 
the control channel or in response to some other system event), 
20 terminal 12 changes its receiver operating frequency to the assigneed 
working channel and begins receiving working channel signaling ((see 
Figure IB) transmitted by working channel repeater 14(1). In this; 
state in which the terminal 12 is operating on the assigned working 
channel, the only way base station equipment 10 can transmit conttrol 
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information to the terminal is to provide it over sub-channel signalling 
on the assigned working channel. Because the working channel iss 
simultaneously carrying working channel signaling (e.g., data or 
voice), the working channel repeater equipment 16 generally mustt 
5 transmit such information at a reduced rate (and/or only 

. momentarily) to avoid disrupting the working channel voice and/oDr 
data signaling. 

Figure 1C shows that terminal 12 has a single receiver 13 ussed 
to receive both control and working channel signaling. During 

10 operation on a working channel, base station equipment control 
channel repeater 14(N) continually transmits control channel 
signaling over the system control channel frequency, and also 
provides control channel signaling to each of working channel 
repeaters 14(1), 14(k) via a connection such as a backup serial 

15 link 15 (see commonly-assigned U.S. Patent No. 5,274,838 to 

Childress et al). Active working channel repeaters 14(1) ... 14(k) 
transmit some or all of the control channel signaling (typically at 
reduced data rates) over the working channels to terminals 12 
engaged in working channel communications. 

20 Figure 2 shows a simplified preferred embodiment example : in 

accordance with this invention. In this example, terminal 22 has twvo 
receivers 30, 32. Using these two receivers 30, 32, terminal 22 cam 
simultaneously receive: 
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• control channel signaling transmitted by control channel 
repeater 24 over an'RF control channel, and 

• working channel signaling transmitted by working channael 
repeater 26 over an assigned working channel. 

5 As discussed above, this arrangement provides a number off 

advantages including, for example, more timely receipt of control 
information during active working channel communications and 
simplified overall base station equipment 10 architecture. For 
example, as shown in Figure 2, it is no longer necessary for contrcol 

1 0 channel repeater 14(N) to continually provide control channel 
signaling to working channel repeaters 14(1) ... 14(k) for 
transmission over the active working channels - since terminal 121 
can receive control channel signaling and working channel signalling 
simultaneously. Thus, although the basic channel control and site; 

1 5 interface for backup and redundancy as described in U.S . Patent NIo. 
5,274,838 can continue to be used to provide "fail safe" operation-, in 
the event control channel repeater 14(N) (or other base station 
equipment 10 component) fails, it is no longer necessary for each <of 
working channel repeaters 14(1) ... 14(k) to continually transmit 

20 control channel signaling over active working channels. 

The basic novel architectural structure of a trunked radio 
system shown in Figure 2 is applicable to all future designs of 
trunked systems that use multiple channels of which one or more 
channel is a user or working channel and at least one other channel is 
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used as a control channel. This applies to virtually all wireless 
telephone systems from cellular to land mobile radio to PCS. 

Figure 3 shows an example simplified dual receiver terminail 
22 architecture. In the Figure 3 example, terminal 22 includes a 
5 control channel receiver 3 0 and a working channel receiver 32. 

Control channel receiver 30 and working channel receiver 32 operrate 
simultaneously on different (e.g., programmable) radio channels, lln 
this example, control channel receiver 30 receives channel 
assignment, status and other control signals that base station contrcol 
10 channel repeater 24 transmits over an RF control channel; and 

working channel receiver 32 receives voice or data that base station 
working channel repeater 26 transmits over an assigned RF workimg 
channel. Control channel receiver 30 and working channel receiver 
32 operate simultaneously and independently in this example. Thuis, 
1 5 terminal 22 can receive the control channel status and other signalling 
at the same that working channel receiver 32 receives voice or dataa 
on a temporarily assigned working channel. 

In this example, terminal 22 includes a main controller 34 
responsive to control channel signaling received by control channel 
20 receiver 30. Main controller 34 may, for example* program workimg 
channel receiver 32 to operate on a particular working channel. Miain 
controller 34 may also program a transmitter 36 to operate on one cor 
more assigned RF channels (e.g., to transmit control information too 
base station control channel repeater 24 over the control channel 
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and/or to transmit working channel voice or data information to bsase 
station working channel repeater 26 over a temporarily assigned 

working channel). 

The radio communications system shown in Figures 2 and 33 
5 operates more efficiently, has higher performance and faster accesss 
times than prior techniques. For example, since terminal 22 is ablie to 
continuously monitor the system control channel even while it is 
engaged in a working channel communique, there is no need to 
transmit control information over the assigned working channel. 
10 This allows working channel performance to be increased. For 

example, the working channel analog deviation for analog signalimg 
(or bit rate for digital signaling) is effectively increased - providing 
better system signal-to-noise ratio and information throughput. 
Additionally, the control channel signaling that terminal 22 has 
1 5 continuous access to is transmitted at high speed (e.g., 9600 bps) — 
providing more timely control channel signaling than can be 
provided using slower rate working channel sub-channel techniquees 
such as sub-audible signaling. Terminal 22's continuous access to? 
high-speed control channel signaling eliminates the requirement fcbr 
20 interrupting the working channel with high speed control signaling^ 
data bursts - so that "punching holes" in audio data streams for 
messaging is not required. System hand-offs can thus be virtually 
transparent. Response times for many system features (e.g., systerm 
all-calls) can be improved. 
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Other advantages are provided by the architecture shown in 
Figure 3 . For example, the control channel truly becomes the 
ultimate system control - not just the temporary messenger. Becavuse 
it is no longer necessary to closely coordinate certain signaling 
5 protocols transmitted on the control and working channel, overall 
system protocol and complexity can be simplified. Additionally, trie 
synchronization of receivers 30, 32 with control and working chanmel 
signaling becomes simplified. For example, real time frequency loDck 
on the control channel can continue past channel assignment - 
10 making it unnecessary for the working channel signaling to be 
synchronized with control channel signaling. This may improve 
synchronization on the working channel, and eliminates time delay/s 
in terminal 22 acquiring the control channel after a working channeel 
communication. Additionally, the architecture shown in Figure 3 
1 5 allows a more modular, cost-effective system approach whereby 
functional blocks are more generic and therefore more easily 
reconfigured and duplicated (e.g., for built-in redundancy). Furtheir, 
system messaging traffic (e.g., over a "back up" serial link - BSL) 
connecting control channel repeater 24 with working channel 
20 repeater 26 is simplified considerably. 

Figure 4 shows, in block diagram form, an example receiver ■ 
structure that can be implemented in terminal 20 to simultaneously ' 
receive working channel and control channel signaling. Many 
receiver structures may be utilized - this represents only one such 
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method. The proposed receiver structure shown in Figure 4 
duplicates the standard prior art dual conversion super heterodyne : 
receiver to provide two identical, independently operable receivers 
30, 32 — one for the working channel and one for the control chanrneL 
5 The control channel data is fed to the terminal's main controller orr 
microcomputer 34. The addition of this additional receiver 32 mesans 
that the working channel has gotten simpler and better utilizes its 
spectrum, while the control channel provides high data speed contxrol 
over terminal 22 needed to quickly and transparently modify the 

10 activity of the terminal without the added control burden on the 

working channel. The basic concept of re-thinking the terminal 222 
architecture has a potential of removing significant constraints on 
trunked radio system design — transforming forever the way futuree 
trunked radio systems of any kind are designed - obviously for thee 

15 better. 

In the Figure 4 example arrangement, an antenna 1 00 is 
connected to the input of receiver 32, and also to the input of receiwer 
30. Receivers 30, 32 each comprise a conventional superheterodyrne 
receiver (e.g., of the type that may be implemented in whole or in 
20 part on more or more integrated circuits). Receivers 30, 32 may th*us 
comprise a first mixer 102 (102') supplied with a first local oscillator 
frequency by a first local oscillator 104 (104'); a first intermediate : 
frequency filter 106 (106'); a second mixer 108 (108') supplied wiith 
a second local oscillator frequency by a second local oscillator HOD 
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(1 10'); a second intermediate frequency filter 112(1 12'); and a 
frequency or phase discriminator 114(114'). The output of receiwer 
32 discriminator 114 provides working channel information. 
Simultaneously, receiver 30 discriminator 1 14' supplies control 
5 channel information that is detected by a control detector 116 and 
supplied to a main controller 34. 

In another example, advanced digital receiver techniques off the 
type described in the above-referenced co-pending Wynn et aL pattent 
application may be used to provide dual channel receive capability. 

10 The advantage of this approach is to reduce to virtually zero, the 

assignment speed for switching to the working channel, and reduciing 
the effects of synthesizer switching "kick." 

In another variation on the above-described arrangement, thae 
control channel receiver 30 and working channel receiver 32 of 

15 terminal 22 may be used to simultaneously receive two (or more) 

working channels. This mode - which can be activated when neecded 
or desired - can be used to provide simultaneous voice and data 
working channel communications, or extended data rates for 
example. In one specific embodiment, two working channels can 

20 each carry half the information to provide twice the transmission rrate 
of a single working channel. 

While the invention has been described in connection with 
what is presently considered to be the most practical and preferred! 
embodiment, it is to be understood that the invention is not to be 
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limited to the disclosed embodiment, but on the contrary, is intendded 
to cover various modifications and equivalent arrangements includled 
within the spirit and scope of the appended claims. 
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WE CLAIM : 

1 i. ina trunked radio communications system of the type 

2 including at least one movable radio that receives control signalling 

3 over at least one RF control channel and receives, voice and/or datta 

4 over at least one temporarily assigned RF working channel, an 

5 improved method including the step of substantially simultaneoussly 

6 receiving, with the movable radio, the control signaling over the ERF 

7 control channel and the voice and/or data over the RF working 

8 channel. 

1 2. A method as in claim 1 wherein the simultaneously 

2 receiving step includes the step of receiving the RF control chanmel 

3 signaling and the RF working channel signaling using two 

4 independent radio receivers. 

1 3. A method as in claim 1 wherein the simultaneously 

2 receiving step includes the step of downconverting a band of signaals 

3 and selecting the RF control channel and RF working channel frorm 

4 the downconverted signal band. 



1 

2 



4. A method as in claim 1 wherein the simultaneously 
receiving step includes maintaining synchronization with the conttro!. 
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3 channel while at the same time receiving signaling on the working 

4 channel. 

1 5. A method as in claim 1 wherein the simultaneously 

2 receiving step comprises simultaneously receiving signaling fromi 

3 multiple information sources, and using the signaling from the 

4 multiple information sources to contribute to the performance of tthe 

5 radio in real time. 

1 6. A method as in claim 1 wherein the receiving step inclucdes 

2 the steps of: 

3 (a) receiving a channel assignment message over the contrcol 

4 channel; and 

5 (b) beginning to receive signaling on the working channel iin 

6 response to receipt of the channel assignment message. 



1 

2 
3 



7. A method as in claim 6 wherein step (b) is performed 
virtually instantaneously with zero switching time upon receipt off the 
channel assignment message by step (a). 



WO 99/07169 



PCT/US98/T12294 



22 

1 8. A method as in claim 6 further including the step of 

2 maintaining real time frequency lock on the control channel after sstep 

3 (b). 

1 9. A method as in claim 1 further including the step of 

2 operating the radio in a mode wherein it simultaneously receives 

3 signaling on two different temporarily assigned working channels. . 

1 10. In a trunked radio communications system of the type 

2 including at least one control channel base station and at least one 

3 working channel base station, the control channel base station 

4 transmitting channel assignment signaling over at least one RF 

5 control channel to at least one radio terminal, the radio terminal 

6 operating on at least one temporarily assigned RF working channel! in 

7 response to the channel assignment signaling transmitted over the IRF 

8 control channel, an improved communication method comprising: 

9 (a) transmitting information signals to the radio terminal over the 

10 temporarily assigned RF working channel; and 

1 1 (b) substantially simultaneously with step (a), transmitting at least 

12 some control signals to the same radio terminal over the RF controbl 

13 channel. 



1 
2 



11. A method as in claim 10 wherein step (b) comprises 
providing high speed data to quickly and transparently modify radiio 
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3 terminal activity without adding control signaling burdens on the ; 

4 working channel. 



1 12. A method as in claim 10 wherein step (a) includes the sstep 

2 of avoiding the transmission of a control signaling sub-channel orn 

3 the working channel. 

1 13. A method as in claim 10 wherein step (a) includes the sstep 

2 of using substantially all of the working channel bandwidth for 

3 signaling supporting voice communications. 

1 14. A method as in claim 10 further including the step of 

2 defining the control channel as the ultimate system control. 

1 15. A trunked radio communications system of the type thaat 

2 supports at least one radio terminal, the system comprising: 

3 at least one control channel base station that transmits chanmel 

4 assignment and other control signaling to the radio terminal over aat 

5 least one RF control channel; and 



6 
7 
8 



at least one temporarily assigned working channel base statrion 
that transmits information signaling to the radio terminal over at Ueast 
one working channel, the radio terminal operating on the RF workcing 
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9 channel for the duration of a call in response to the channel 

10 assignment signaling transmitted over the RF control channel, 

1 1 wherein the working channel base station and the control 

12 channel base station simultaneously transmit signaling to the radio > 

13 terminal for the duration of the call. 

1 1 6. A method as in claim .15 wherein the radio terminal 

2 simultaneously receives working channel signaling and control 

3 channel signaling for the duration of the call. 

1 17. In a trunked radio communications system architecture 

2 including at least one control channel transmitter that transmits 

3 control channel signaling over an RF control channel and at least ome 

4 working channel transmitter that transmits working channel signalling 

5 over an RF working channel, an improvement comprising allowingg at 

6 least one mobile or portable radio unit to simultaneously receive thie 

7 control channel signaling and the working channel signaling. 

1 18. A trunked radio terminal comprising: 



2 
3 



a first receiving arrangement that receives control signaling 
over at least one RF control channel, and 
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